“prlerre Luonae
5 rue Henri Regnault

+ 92210 saint-Cloud
‘France c
Tel: 33 1 47 76‘43'24
Telex: 610 386 F

Fax: 33 1 49 00 10 52

Ivor L. Pinkerton ,
14 Miethke Place, Flynn,
Canberra A.C.T, 2615
Australia

Tel: 61 62 583266

- AR L\-—SO 2

:-_J\ n{ o '2.»
John Newbery
19 Broomfield Ride
Oxshott, Surrey KT22 OLP
England
Tel: 44 372 842266
Telex: 929333 HHLHD G
Fax: 44 372 377605

Hans Bachmann
Hechenbergweg 18

6020 Innsbruck
Austria

Tel: 5222 83329
Telex: 533156 Tiwag A

Telex: AA62085 TXTCOM
Fax: 61 62'592542

To: Mr Mohamed Bashir Mohamud
General Manager
Baarcdheere Dam Project
P.0. Box 2807
Mogadishu
Somali Democratic Republic

12 December, 1988

bear,ur Bashir,
' BAARDHEERE DAM PROTECT
PANEL OF EXPERTS REPORT No. 7

We have pleasure in submitting our report incorporating the
observations, conclusions and recommendations from the
meetings which took place in Paris, at the World Bank Offices,
from 6th to 12th December, 1988.

Section 2 of our rerort gives our main conclusicii» and
recommendations on the Final Report and TIender socuments
prepared by CIECC for the embankment dam, concludes that this
alternative and the RCC dam are technically sound and
comparable in cost and recommsnds that tenders be obtained for

both.
Cont/...
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on-Monday: 12th Octpber we reported these findings to the

Donor's meeting.

Respectfully submitted,

'ilg-

Pierre Londe (Chairmgn)

:ﬂ;iyor Pinkerton

. Johrni-Newbery 3

Hans Bachmann
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ANTRODUCTION

The seventh méeting 6£‘the Panel was held in Paris, in the

,World Bank ottices, trom 6th to 12th December, 1988. ‘The

R A T Y YV ¥ S “J,, l‘\*lnh 3

-Panel was composed of four members : Pierre Londe, John

Newbery, Ivor Pinkerton and Hans Bachmann, who joined the
panel for the first time as an expert in the electro-
mechanical field. '

The main purpose of the meeting, which was attended by
H.E. Minister Habib, BDP gtaff, IRBﬁ'andiEEc
representatives and CIECC, was to review and finalize the
Final Repor: and Tender Documents prepared by CIECC for
the embankment dam alternative.h Some of these documents,
in dfaft form, were sent to the Panel members prior to the
meeting. 1In addition, at the request of BDP, the Panel
was invited to compare the alternatives (the embankment
dam and the RCC dam) in terms of technical feasibility and
cost estiméteé, and to make recommendations on the

4 ¥ PO

tendefing ﬁrocedures.

A»iiétkof partiéip&nts is given in Appendix A. A list of

'.dbéﬁments, presented to the Panel by CIECC. and ELC, is

"' given in Appendix B.

The Panel records  -its appreciation of the -assistance

1:rendered by the--World Bank staff in-Paris.



2.

MAIN CONCLUSIONS AND RECOMMENDATIONS

2.1 The Final Report on Technical Design of théaimbankmeﬂt

- dam alternative is comprehensive anduﬁéherallyﬂ

2.2

2.5

endorsed by the Panel.

Improvements in the design are :ecdmmended mainly as
regards the retaining wall arrangement for the power

ihtake channel and the diversion tunnel control gates.

The scope and findings of the site investigations for
the embankment dam alternative are considered adequate
for the dam itself but generally the sites of the
ancilliary structures - spillway, diversion and

power - are essentially unexplored. Consequently
subsurface conditions the;e are inferred leading to
inevitable uncertainties. These should be clarified
by an exploration programme early on the main contract

if this design is built.

The cost estimates for tha embankusnt dani:aaiternative:

have been reviewed and are consideréd to be realistic.

Comments are made on the Tender Documents and

' fgchnical Specifications with a view to improving the

| quality of the{works'and~better confrolling the cost.



Afi.g Some comments and suggestions on the technical
f éﬁécification of power plant equipment are given but
i,they should not affect the general layout.

ﬁ2;§ Ihe thorough review of the two alternative designs

| '(émhankment dam and RCC dam) lead to the conclusion
‘that they are both sound. Tﬁe:cost comparisons are
made difficult by the fact that the dams are of
different types and the evaluation teams are from two
different consu;t}ng engineers. However, the Panel is
of the opinion that, for all practical purpdses, tﬁe

costs of ﬁhé two alternatives are the sanme.

2.8 In view of the above conclusion it is strongly
recommended to proceed with tendéring for both

alternatives.
3.. EIﬁAL_BE2QBI_QH_EMBAHKMEHI_DAMdALIEBHAII!E
3.1 General

At the beginning of the meetind,‘the following volumes
‘were handed over to the Panel by CIECC:

Final Report on Technical Design
- Attachment (I, II, III)

Annex I  : Core samples and logs
Annex II , : Building materials



a)

b)

‘¢)

&

- =:Annex III : Lab. tests on impervious soils .
- Annex IV 2 Hydraulic model tests

=~ Annex V= : Cost ertimates -

- Drawings

" Most of the material included in the above doctments had

beeh‘already reviawed by the Panel in the previous
fmeetings. The fact that the main recommendations made
“then have been incorporated is acknowledged. However,

- some significant comments were not taken into account.

These include:

The effect of clay seams in the rock foundation of the
main dam has not been fully investigated, as no excess
pore pressure has been included in the stability analyses.
-Measuraes should be provided for relieving the excess pore
pressure such as a pattern of drilled holes.

The gate shaft of the bottom outlet has not been moved
closer to the dam axis as recommended. This would have
‘given a more convenient afrangement for access but the ..
present location of the shaft is acceptable.

The "City Gate" shape for the bottom outlet tunnel is
maintained. With this arrangement external water pressure
‘could damage the lining when the tunnel is drained for
inspection and maintenance during operation. Special
design measures will be necessary to ensure this does not
occur.

The spillway chute alignment has not been made shorter
but the: present alignment is satisfactory.”

. The power intake has not been moved so the foundation

requirements of the high retaining wall have not been
satisfactorily solved. The Panel suggest that a movement
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;of the intake structure about 20 m laterally further into
- the - abutment would considerably improve the design
.jwithout increasing the length of the psnstacks.

7ssms‘high and steep cuts are still shown .in areas where
;'thers is a possibility of inadequate rock quality for. such»

cuts.

AThe above points are discussed further in this report,
particularly in sections 3.2 and 3.6.

3.2 Geology

Information on geology is contained in the Final Report

 and annexes as follows:

Final Report - Chapter V :“Geomorphgiogfhﬁ;&"zngineering
Geology

Annex 1 - Geologic Report

Annex 1-1- Geologic Report - Album of Core samples

Annex l-2- Geologic Report - logs of Boreholes and Pits

Chapter V is a synthssis 5: the more detsiledbintormation

contained in Annex 1.

A similar presentation of this information was made to -“the
Panel in July during their visit to Mogadishu. A detailed
review of that data was made in Panel Report No.5.
Consequently only a few key topics will be discussed in
this report.

The CIECC report describes in more detail than earlier
reports the superficial deposits overlying bedrock as

- their nature is more relevant to the design of an

embankment dam. Two main types of deposit are present -
alluvium and colluvium - both of which can, ba subdivided

.....



- according to their constituents. Colluvium is an

\ internationally used term and should be substituted for
the terms "deluvium" and "eluvium" in Annex 1. Deluvium
is an archaic term referring to glacial desposits and
elevium to wind blown deposits.

Weathering is a very important topic as it controls the
depth of excavation to foundation level for the various
engineering structures and the angle of cut slopes. Thus
most engineering sections in the Tender Drawings show two
lines:

=xx~ Lower boundary of highly weathered

=-x- Lower boundary of moderately weathered

the first in marl, the second in limestone.

Annex 1 does not give a description of the weathering

 scale used at Baardheere. The boundaries are based on the
logs of the four A and fourteen B holes which use the
following weathering scale.w

Grade Description International Scale
A; o Sound Fresh
A2 Sl1ightly weathered (iron- S1ightly weathered
. stained joints) S
A3 Medium weathered, matrix | Moderately weathered
B slightly altered _
a4 Deeply weathered, matrix " -uHighlyfweathered
. deeply altered R S _ ' o
A5 Totally weathered, argillified cbmpletely weathered
: rock, to residual soil

fabric essentially destroyed

To the right of this table are given the equivalent weathering

grades used in the International Scale. As in Panel Report



fNo 5, it ie recommended that the International Scale be used
at Baardheere following the deecriptione ueed for qrades Al to
iAsﬁ" Two boundaries should be shown on section- “nighly
‘fweathered" and "moderately weathered" - and other terms such
kaef"étrongly“ and "medium® changed. As the boundaries are
”extrapolated long dietances from the nearest boreholes the
Panel etrongly recommended that the word "inferred“ be added
.i e. "lower boundary of highly weathered - inferred" otherwise
an unwarranted degree ot accuracy could be placed on these
_boundaries. The need for an exploration campaign early in the
Aconetruction programme to obtain more information at certain

key locations has already been stated in Panel Report No.5.

Cut slopes have been discussed in previous Panel reports and
the recommendation made to go for flatter slopes. The Panel
is pleased to note that generally the Engineer has accepted
‘this recommendation, e.g. for the highipower station cut. 1In
sound fresh rock slopes of 1H:2V are;considered appropriats .
with 5 m berms and 10 m height between berms. Where
discontinuities are favourably oriented the lower-most cut
.could be steepened to 1H:3V. In weathered and loosened
limeetone slopes of 1H: IV are recommended. Finally in highly
and completely weathered marl, residual soil and superficial
deposits a cut slope of‘zazlv is appropriate. On some of the

tender drawings steeper slopes are shown and this aspect needs

to‘befreviewed by the Engineer.

Y/
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| Mincr geolcgical defects are often very important at danm- sites
‘especially weak seams in horizontally bedded sediments. In’

the marl at Baardheere three conditicns re present°

(i)if'h slickensided discontinuities

,(ii)l; smccth planes in grey argillaceous marl
,(iii" crushed clay seams

In Annex 1 reference,is made‘tcjaﬁ"crushed zone" in the
riverbed‘from El.85 to El.ls; “This should be‘amended to
indicate the presence of the three types of weak partings

(listed above) between those elevations.w

In the vicinity of the retaining wall between the dam and the
'intake structure extremely weathered and tractured material

i. e. ccmpletely to highly weathered marl, was recovered in
drill hole B9 at and below proposed toundaticn level for the
wall. Clay seams are also‘present in Blo, Bll, and Bl2. It
is noted that the wall:will be ﬁerched on a narrow column of
rock. On the river side the colluvium and weathered marl
will be stripped while on the upslope side a vertical cut 16 m
high formed. Even if the remaining column of rock was free of
defects, such as clay seams, stress relief would cause
discontinuities to open up and weaken the rock nass‘despite
the proposal to pin it together with anchor bars. The Panel
repeats its conclusivn given in Report No.5 that a-lower level

for the retaining wall will be rniecessary:

/l
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3.3 Materials

'3 }._3’.‘_1

The location;of the'oorroﬁ ereae‘for the-éore‘nateriel

| is shown on the tender drawinge together with more

detailed plane and eeotione. The anticipated

thickness of usable. materiale ie eleo given. Thie

Rt Bl
-y

thickness varies from elightly leee than 2n up to3 m
in places. The amount of overburden is generally

around 0.5 m but eiightly more in some areas. No

information is given on in'sito,moisture contents but

should be included if it is evaileble. We ' are
satisfied that an adequate quantity of material is
available in the borrow areas for the construction of
both the cofferdam and the main dam. The nateriel.in
these borrow areas has generally a CL classification
with properties suitable for use as a core material.
A limited amount of laboratory teeting has been done
to establish the reieVent properties. It is usual to
iseue to tenderers supplementary’informetion on the
oonetruotion materials. This information would
include all the results of the laboratorywteeting.
The Penel recommends that this eupplementary
information on construction materials be prepared and

ieeued to the tenderers with the tender documents or

alternatively made available on request.

R . . . P

Y

/3
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. Filter Materials

- The filter zones now incorporated in the embankment .
“design are ': R

- a single!filﬁer zgone 3 m wide on the upstreanm

>‘§iQef6f the core which is designated Zone 4.

 g:,,a finh and a coarse filter zone each 3 m wide on

B the downstream side of the core which are’

' dqsignqggd\ZQPQ_zlgpd Zone 3£gaspeggéxgly.

This arrangement of filter zones is in accordance with
the recommendations in the last Panel report and is

satisfactory.‘

The material to be used in these filter zones will

consist of a'blen¢ of natural river alluvial sand and

'pfocessed sand obtained from quarried limestone. The

grading limits for the tilter materials in the various

: zones are shown on the tehder documents. These limits

‘are generally satisfactory.

/Y
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. Quarxd . o
:Rockfill for the outer shells of the dam. will be

;in oolitic limestone immediately adjacent to the
idamsite.‘ For estimating purposes CIECC have assumed
‘that 70% of the rockfill will be obtained from the
"required excavations and 30% trom the quarry. The
famount of rockfill that will have to be quarried may

be slightly higher than the 30% estimated by CIECC.
The variation in the amount of rock to be obtained
from the quarry will: not aftect ‘the time for the
construction of the dam but could slightly affect
fina*,costs. Theufinal ratio ¢f.the smount of
rockfill to be quarried and the amount that will be_
obtained from required excavations will. only be
available when the construction is completed.
Adequate quality rockfill will be available trom'the
quarry. However, great care will be necessary to
ensure that only acceptable quality rocktill is
directed to the dam tor the material ‘obtained from
required excavations. }

fhe grading limits for the rock:iliashown on. the o
tender drawings are satisfactory;fiprovided}theb
rockfill is free draininq”and of adequate visual
quaiity slight departures'trom these grading limits
Qould be permissible. Gradation tests for rockfill

uobtained from required excavations and from a quarry.

/5
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‘7control ere often ‘difficult and time consuming because
%of the 1erge particle 3lzee mnVulved. ’Normally onxy a
flimited number of tests are done to ‘establish

featiefactory visual control.

‘3.4 Hydraulics

Baardheere Reservoir will be operefed with the meximum
operating level at El 141.9 which is 3.6 m Seloﬁ the
spillway crest level and all floods up to a return
period of 1 in 100 yeere'will be passed through the
bottom outlet. For floods of higher magnitude the
bottom outlet will be closed and the flood discharges
wiil be passed through the spillway. The maximum
perm;seible*diecharge dawnetream*will “Q""oo n3/s for
the inflow flood of 1 in 100 years with peak inflow of

1194 m3/e. For actual operation some of this

- discharge would be passed through the power station so

. the discharge through the bottom outlet would be 500~

sdb m3/s. The maximum discharge through the spillway
will be 1766 m3/s which corresponds teLen inflow flood
of 1 in 10,000 year recurring peried. Model studies

~ have been carried out for both the spillway and the

 bottom outlet/diversion tunnel.

o



Caulay

5.

Spilluay

{The hydraulic conditione obeerved in the model study -

vd'-

ifor the approach channel and epillway chute are
featiefactory. The flip bucket at ‘the end of the chute
18 set at an angle or‘GO' with the centre line of the
‘chute and is horizontal at an- elevation of 107 which
'ie above the tailwater- level._ No. detailed information
vie available on the geoloqical conditions in the flip
;bucket/plunge pool area except that the bedrock is
Aexpected to be marl and that surface weathering could

‘extend to some limited depth of say 5 m or slightly

more. For the model etudy using erodible material in
the plunge pool area the deepest level of eroeion was
El 93. The tender drawings show a flip angle of 25°
and radius of the f£1lip bucket of 15 m. A vertical

'cut-off sill at the downstream end extends down to El.

90, some 17 m below the flip bucket level. This level
is elightly lower than the expected depth of ecouring

Lin the plunge pool area.~ The excavation for the

conetruction of thie deep cut-off wall will be
difficult. It ie nore usual to provide a sloping

concrete wall protection anchored to ‘the rock. It is

.not proposed to do any excavation of the marl to form

an initial plunge poor.

)7



’ 30403-

16
l{From the photographs of- the model study the angled
fﬂflip bucket appears to give reasonable hydraulic
é;conditions after the plunge pool has been excavated by
?Eflood discharges. The setting of the £1ip bucket at a
;fhorizontal angle to the chute alignmeq&,dpes not .
l?deviate the flow towards the river as the end of the
Lchute and’ the flip bucket are not super-elevated..
T?Considerable erosion of the river bank would be
ptherefore expected during flood discharges. This
Twould not be expected to affect the satisfactory
'Joperation of the project although the coarser eroded

vmaterial from the river bank and plunge pool,

particularly during the first discharge, would
probably be deposited in the river channel. The finer

material would be carried further downstream.‘The'rate

of erosion of the plunge pool will depend on the rock -

:conditions and this would" affect the extent of bank

erosion»occurring during the early spillway

. ,discharges.: As the spillway will only operate on rare

occasions for: the flood flows exﬂeedingathe 1l in loo ‘"

“year return period we. consider the arrangement

faacceptable.

. o- o

Initial model studies showed unsatisfactory hydraulic

rtransient’conditions occurring at the central section

/5
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17¥of the diversion tunnel where there are two . | |
'Atintermediete piers with the radial gate installed.
-fThese conditions would occur as the discharge
‘.'increases from the low flews with open chennel tlow
conditions to the higher discharges when the tunnel
‘£lows full. These unsatisfactory conditions have been
eliminated by using the radial gate for controlling
discnergesﬂduringmrivegfdivefsieny Thisegituation :is
‘most unusual and will require very close attention
during river diversion floods. Floating timber
eerried into the tunnel could be trapped in this
| central section and affect the pessege of flood flows.
The alternative enengenent would be te make provision
for river closure at the upstream end of the tunnel
and install the fedial gate immedietely downstreem
from the tunnel plug after closure. With this
alternative arrangement the full tunnel cross- section
would be available for river diversion- except :or the
upstream intermediate gate pier. This alternative
efrengement is the more usual but would involve more
time for the installation of the radial gate after the
diversion tunnel is closed. Some temporary arrangement
forfyeter releases_wou;d be necessvary.imfere the ...
}pernenent facilities in the bottom outlet are
,eveilebie. The amount of these temporary releases is

;inot known but probeblyfis in the order of 5 m3/s.

/7
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g}bissipationfof’energy at the downstream end of the
i“tunnel_both during river diversion and for the later

‘;dischargesitrom‘the bottom outlet are satistactory.

?uuost of’ the comments made in our previous reports (5th
;ﬁneeting, July 1988 and 6th Meeting, October 1988) |
igremain valia, We~§ti11 consider,xhat some:quantities
j’."mighi: have to be increased,duringvconstruotion owing
to unknown rock conditions (see section 3.2). It is
oossible that moreithan 30% of the rockfill will have
to be quarried. Nevertheless, we consider the cost
estimates proposed by CIECC to be satisfactory. We
theretore accept the total cost of 196 million dollars
- covering the civil engineering works, with a 4%
bescalation rate up to the completion date - as being

realistic.

3. 6. Mmlmwm_nnﬂngs

. : j

ﬁiThe Tender Drawings contain seven drawings illustrating

;site geology -one_plan_(no., 1101) annﬁsix sadtions (nose-

}1102fto 1107).

7Y



As mentioned in section 3.2 the weathering boundaries need
'to be standardised to "highly" and "moderately" with

'"strongly" and "medium" deleted.

Borehole numbers should be added to the sactions and,
-where,holes~haue‘heenlﬁrojeoted}fthisfshould-be stated.
:Summary logs of boreholes should be inolud;d'in the
ﬁdrawings in a similar manner to those in the documents
‘prepared by ELC i.e. bothlinicolumnar form and on
;seotions. Reference should be made to the availability of
additional factual geological investigation data, such as
detailed logs,.-in the office of BDP. This aspect is
disoussed belcw in section 4.4 on supplementary

information.:

‘The ELC documents contain two plans showing reservoir
,geology. These oould usefully be inoluded in the drawings
‘for the rookfill design.f

Core Trench

Sections through the core trenoh 'in the abutments show the
trenoh slopes at lﬁ'S" which is oonsider:gttoo steep, not
' becauses of slope stability but differential settlement of
£ill. 1H:IV or possibly IH:2V is preferred.'

: Thenreguirement that the finished foundation surface

should be excavated to the lower limit of “moderately - -

z/
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weathered rock extends right across the valley tor the

- width of the core trench, not just the upper right

abutment.

The spillway and power intake mass concrete gravity
'hretaining walls do not appear to have been designed for
the vat rest" condition and should be modified. This would
modify the sloping face of.the retaining wall from 0.8H
to 1.0V to aboot 0.8H to 1.0V. The power intake retaining

wall is founded on a relatively narrow ledge of rock which

could be shattered and loosened by the excavation on
either side and possible stress relief. ihichroblem for
the power intake could be overcome by locating the power
intake and approech channel slightlg further into the )
abutment. This would not make any significant change in
the length of the power conduits but would slightly

increase the quantities of excavation.

The excavation for the cut-off at the flip bucket is some
17 m deep in marl. This excavation will be difficult and
the rock. againct.which. noncrete,mut-oiﬁian ‘placed :&

would be shattered and loosened. A sloping cut-off would

Zc
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‘avoid this excavation and is more commonly used for a flip

bucket/plunge pool arrangement.

~jFoundation piezometers (electric cells) are necessary to
J'establish pore pressuras particularly downstream from the

f;grout curtain.

4.1 General

A draft copy of Tender Documents was sent by courier
in mid-November by CIECC to the.Panelymembers.
Un:ortenately the delivery time was not quick enough
to allow the comments-made by the Panelgto be
incorporated before this meeting. We therefore repeat
.here the comments made in November, with some
additions and amendments resulting from discussicns

among the Panel members.
The following comments cover:

Vdiume,l. Tender and COntraEt'Conditione

| Vblume 2. Technical Specifications



‘wthevsfno‘remarks oanolums 2, Tender Forms, oxoept
:tor Speoiel Bchodule 6 - exchange retes, covered in .

jthe corresponding items of Volume 1. ‘ it

lee heve restricted ourselves to points vhioh are most

R signifioant..~

4.2,

. .‘: :

- The Civil Works ghall consist of an embankment dam"
implies that there is no other alternative, which is not

true.
’ .

(T=1.2 v"oonstructing,foompisting,end paintaining" for-
hoW~1ong‘e period of time?

Izgﬁ;akgcurrency convsrsion at the rates prevaiing 30
| ‘days prior to the Tender submission. Does this
mean that it is a fixed rate condition for the

whole duration of contract?

7Y
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Im_géa;iwhe preliminary Programme ‘of Wcrke has tc comply
with the programme specitied in sc 43 1. Reter

ATk e

o our conments on- the: latter clause.

12_§LQL The Rcc dam alternative "involvee the baeic ,
) deeign ot the Worke" According to thie clauee

Rcc cannot be coneidered.....il

IT=17 venct‘complete and IT-18 miseing}kégpagesvmieeing).

,. o '- .

GC.ll.1 "The Contractor shall be deemed to have baeed.his
Tender on the data made available by the J
Employer..." This statement is more reasonable

than the wording of GI-14 (see below).

GC.67.3 The Rules of Conciliation and Arbitration of the

In:srna:ignal_snamber_gz_ggmmerge; recommended in

this clause, are definitely more attractive for
International Tenderers, than the Somali Supreme
Court stipulated in the clauses 5C-5.1 (b). This

change is likely to result in an overall increase

of the contract cost,

| GC.72.1 Thie cauee stipulatee the use of a tixed rate of
, exchange fcr foreign currenciee. It may however

‘_be advieable to- anend it, through a Special
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Condition oroviding the pcsnibilit; of adjusttng
this rate periodically. This would relieve the

N

Contractor from a financial risk and result in a

more advantageous contract cost.

ok o

§c=4.1(2)  We propose that (iv) monitoring
- ing;rnmgn;g;ign should be added as -
"Specialized Works"

§g;§+1 The large number of drawings and the
corresponding design studies 1left with the
'Contractor are not covered by a particular Bill

,ﬂiQem.a .Thig .should be madesclear‘r
Read "if such details" instead of "because such
details.®

Eg:ﬁ;; The Enqlish of this clause. should be improved.

‘Not clear.

§g_11inklﬁow to reconcile a "revised" schedule with the
contractual dates of sc-43 1?

e
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§C-20.4 The English of.this clause should be improved.

Not' slaar:

5 3,1 It is difficult to egree with the etatement that

"failure to meet the specified dates.... shall be

'gﬁ_hzgggh_gi_ggntrgg;". The Contractor does not ‘

heve to meet all the detes of such a detailed

‘Programme, the actual date dependirig’on the

construction methods and eqgipment. inx_g_:gx
critical dates are meaningfull such as River

Diversion, start of Impounding, Basic Completion
of the Works. . |

The mention of "from let*OCtéber of the first
year" shouJa be deleted as it is ngt a
contractual date.r ;t~may;be delayed for many

reasons, which ehouldunotainvalidate ther

"COntract.

As compared to the previous bar~-chart
construction schedule, discussed in our meeting
of 6ctober 1988, it is interesting to note that
the gizergign;ggrxg are given aboiit 6 months more
time, -together with the excavation for the main
embankment. -This-1s a correct change following

at least partly the Panel's recommendation.

‘However the Powerhouse is still on the critical

c/
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jpgfhvénd it is very doubtful that the concreting

fétiﬁuperstructnre could'be éarried out in the

extremely short time allocated. It is also noted
that the overall construction time has been
extended by half a year,,ailowing a more
reasonable time for a programme which at the

moment has practically no iloat.

It is obvious that the construction échedula

~ should be discussed and finalized with the

contractor, during the negotiations and prior to

the award of the Contract.

The times provided for ordering, manufacturing
and ghipping of the equipment (such as between
HE.l and HE.2, between HE.5 and HE.6, between
HE.9 and HE.10) are too short.

Similarly between HE.15 and HE.16 with, in
addition, an extremely short time for desian.

‘In the event of a 3 mohthé?tér even less) delay

it is 6byiqusAthAt the Contractor would pot meet

some'q:,the~dates of the construction schedule.

hny;mpﬁéy paid-by-the Contractor. a¢cording to

this‘ﬁ}énse canngtfpé5c¢nsidered as a "liquidated

v
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.damage" except CW-18, which is the only one
Ecorresponding'to a "damagg“‘tor thebzmployer;
All the other items would be considered as

‘"penalties" by any arbitrator or court.

'In -this respect it would be’ worthwhile to discuss
the ‘possible occurrence o; legxg for several
'items and ng_gglgz (or even advance) of the

completion date.

'This clause, -as worded at present, is likely -to

increase the actual cost of the Contract.

;ngiaﬁlzl—ﬁ—ill*

o Some freedom should be‘givenvtorthe«Contractor,
as the temporary works and particularly the care
of water during construction are his |
responsibility. He may propose satisfactory -

LE-1.B.(6) . ALl the‘f‘igur“es'given“ in 1= m daimf.‘:u at
e \'ithis stage (particularly so in the concrete

‘volume of ‘37, 200 m3 stated here for- the water

,delivery system)

Z7
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It is not tair (although done in nany contracts)

- to. state that "BDP does not take any
-responsibility" for the conclusions statod in the
a geologioal and geomeohanical reports. This would
7*not hold in a court, considering that BDP spent
_ about 15 years studying the site, with the help

of knowledgeable specialists, ‘as opoosed to the .
few weeks made available to the Contraotor.

Whatever the wording of such a clause the

Employer takes the actual responsibility of the

geological conclusions, just as he takes the

responsibility of the design.

YOLUME III
PART 1

The international system of units (SI) leads to

‘the use of kilopascal (kPa) and msgapascal (MPa)

. for pressure or stress (instead of kg/cm2).

sinilarly newton (N) should be usod tor forces

(instead of kg which is not a force but a mass.

_ gffsés)
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iffit’iefauggeeted that the following eentenoe: "Any

Zéknoditication requested by the contraotor thereos
V:ourinq,construction period shall be approved by
“the Engineer" -

,ehould read
”J”Any modification reﬁuested by the Contractor

"Bhould -be apprnvnd hv +tha Pnainaaerd

It is somewhat questionable that the "cheok
£looad" (ot 100 year return period) reeults in

gzgz;gpping ot the U/S ootterdam (132 1 v 132. 0

masl).

The establishment of a flood-forecast system is a
delicate operation which, in the Panel's opinion‘
deserves a special payment. Otherwise it is

likely -that a-"cheap" and therefore-unreliable -.

';'syetem would be used. It would be preferable to
’ihave it designed by the Engineer rather than by 4

the Contractor.

The end sentence -of the tiret paragraph s not

f.olear and needs rewording.

"The‘design and construction of the closure dykee

are typical of what is the full responsibility of

the Contractor. He has to make a detailed

S|
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*Fprcposal for the approval cr otherwise of the

'tEngineer.'"‘ ‘;3

SOme reconnaissance g:illing or ;zgnghing shculd

'be carried cut in’ the floor of the fcundaticn
‘pit, ‘80 as tc make sure that a clay seam of some

extension is not present at a shallcw depth under

the embankment.

It is debatable that guarried material should be
obtained byithe Contractor "at his own expense".
This' lack of flexibility in establishing fair

“prices is likely to result in an overall increase

of cost.

_ giasting...vccntrciled go that peaknbarticle

velocity shall not exceed the values given below:

nuuh_sushiu_immzsl age of concrete (davs)

‘q’ ‘up to'% "

,'i$~ © 3 tol4 -
*»,z;f~~ - “7 to 28

40 ¢ after 28

aqﬂrhefresponsibility'cf stability of excavation
always remains at the Contractor's charge". This

; statement does not hold in cases where the

S
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- dreWings'shOW‘en exceVetion slope gggigngg_hx_;ngf;
,Enginggr and possibly too steep for the local |

rock conditions or jointing.

B S X

Sub-cleuse B is missing.

c1euse number, given. in reference, also missing.

.Forces should be given in kN, not inwkg.
,(for instence. 14 ooo kg = 140 kN).

It is not clear why the support by the‘steel riBs"

is pnot paid separately whereas the support bY

rockbolts is (compare with 8.2-G).
Bentonite shall be used to obtain _gtable mixes.
It should be mentioned in the specifications as a

basic material for grouting.

Grouting, driiling ‘machines ;.. peruﬁssion type

- with water flush

Autometic pragssura recordars shall be anacifiad.

Maximumgpepth 90 m,

234
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9,8=C

a2

;irifgqf df&ﬁétars‘are recommended for drain holes

5f(§ﬁ”iﬁd §“'instead of 2" and 3%, or even 4"

Lenly).

.;pong base gx;gnggmg;gxg; installed in boreholes

are recommended for honitofing any potential

‘displacement due to clay seiiis. Porépressure

cells can be-installedgin_loo.mm dia. holes.

| Extensometers cal;'tor 100 mm holes as well.

‘We do not consider it necessary tc use 3:1 nixes.

. Statting with 2:1 mixes would be satisfactory and

efficient.

The Table giving the water/cement ratio vs Lugeon
Units and Grout Takes is less than a ""guide".
It has no practical meaning and should be ’

deleted.

Color photographs should be specified for all

core boxes.

Standpipe piezometers in foundations under the
dam (5 No.). The Panel prefers electric cells

installed at greater depths.



ﬂfUnderground water observetion --level and

: {Equivslent standards’are acceptable.

!;temperature with sutomatic gsuges st 8 locations
gThe Panel considers that standpipe piezoneters
lwill be adequate and that they csn be dipped
initially weekly and later on monthly. \

faad

Clean up of horizental contruction joints should

' be specified. This clean up is'ususily'specitied

4,12=C=3

-using_s“high'pressure air/water jet“applied

before the concrete has hardened.

Please check the figures of the Table.

The 4 mm undersize for test seems too severe for

;prsctical purposes.

It may be advisable to adjust the concrete

placing temperature to the air temperature at
time of plecement. 30°C is probably too high in

‘the hot season.

It is not nedessary to cool the top surface by

"free-flowing water“i Eee 14.21.

33
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" 34
The F.4 finish should be applied to the apillway

"chute, although the invert will be partly

unformed.

Something is missing in the clause. Please give

~the definition of tha,Deviation Coefficient (in

terms of mean and standard deviation).

‘The + 150 mm tolerance is vewy severs-tor

practical purposes. Why not specify only: “Thel

dimensions ghall not ke less than those shown on
the drawings"?

The English of the sentences following the words
“The Engineer will express...'. should be

improved, so as to be fully understandable.

Grading limits 25 mm to 700 mm do not agreé with
the limiting curves shown on drawing BED—T?1213.
The grading limits shown on this drawingvare
acceptable. It is not necessary to limit the
fine size to 25 mm provided the rcckfill is free
draining. The maxinum size is offen that which
cen ba:sncompassad'ﬁqhthe'lagék thiq&nhns. In
this case it would be 800 mm:on the layer
thickness.

St



35

 Ther§pec1fy1ng offécreening for quaziisd or

zékbgvg§q§iﬁatérial_prior tb placing in the ghell

......

handling and is expensive. Material from the
quarry wouid nbrmally be placed difectly in the
rockf£ill zones without screening. Unsuitable

naferihl_trom thé quarry is normaliy wasted.

The limiting of the surface of the outer shell
zones to not more than 2 m above or below the

inner shell zone is not necessary. It is often

‘convenient for the-osuter sheii zone £6 be at a

considerably different level above or below thé
inner zone immediately adjacent to the filter
zones. For such cases limiting siopes of the
rockfill for differsential heights.would be 1.5 H:
1.0 V.

The layer thickness of the filter material is
usually more than for the core material. 1In this
case a 400 mm layer thickness would be

appropriate.

The protection width of 3m is too generous. A
width of 1.50 m of 2 m would be adequate.

16.7-B-2-a(3) 6959 kg = 66 kN, étc.

Y
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:eihie‘section requires the contractor to make

“compaction control tests so as to finalize the

relevant most favourable compaction prbcedures.

. However, for bidding purposés the following

number of passes are usually specified. The

" number of passes may be varied after trials up'or

down usually with no variation in price.

Compaction of Core - It is usually expected that

8 passes of the specified tamping roller will be
required to achieve adequate density.

e S

Sy L * L ) Sia B L
Compaction of filter material - normal

requirement is for 2 to 4 passes of a smooth drum

vibrating roller conforming to the specitied

requirements.

e .

compaction of rockfill - Compaction is almost..

~always specified to be 4 passes dfta'Smoeth;drum

vibrating roller conforming to thevdeEigneted

requirements.

It is more usual to give a range of moisture
content for the core material that will be
expected to be used but to indicate that the

Engineer reserves the right to vary the moisture

Y
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fcontent.u The permitted range of the meisture
feontent is usually 2% (as specified here). It is
isuggested that the epecified range be optimum to
, ptimum plus 2%..‘

vDisc harrowing of innermost rockfill zone

adjacent to the filter zones is not necessary and

?should not be specitied. Bonding between layers
,in rockrill is obtained merely by placing each

layer on top of the previous layer and
compacting. Segredation of rockfill immediately
adjacent. to the fiiters is uften avoided by
placing the rockfill in thinner layers within a
distance of 5 m from the filters. In this case a
layer thickness of 400 mm would be satisfactory
using selected finer rockfill.

Segregation in the outermost rockfill zones is
not important for either strength, density or
free draining‘properties.

The addition of water to the rockfill is not
necessary in this case as absorption of water

would be very small. This requirement should be
omitted.

The sloping faces of the construction joints in

the rockfill should be limited to 1.5 horizontal

tio: 1 varticak/ In+the :core #Afd 'tie’#¥iters the

3



isloping faces of transverse joints should not be;

feteeper then 2 horizontel to 1 vertical. o

fThe trequency ot making control teste on the
v;various materiale placed in the dem should be

‘ispecified.' Suggested frequencies are as tollows*

:eégzg;masg;igl - moisture and deneity teete,ey'
'teet every 2000 m3 placed; permeability teet, 1

_ teet ~every 20,000 n3 placed.

Filter materjal - density and gradetien tests, 1

test every 2000 m3 placed.

Bockfill - density and gradation tasts, 1 test
every 100,000 m3‘piaced.

' The ebeve':regueqcﬁgmey be varied at the
‘di:ectien of the Engineer.

Quality control tests on the material in the
stockpiles should nct be neceeeary as material
would be sent separately to waste or to |
stockpiles for re-use dependihg»on ite quality
. when talen from required excavatione. Visual

claeeification for rockfill adequacy is normally
sufficient.



4The specification ot + 1, 5% from optimum should

indicate whether it is the Sfenderd OBtimum or
Modified Optimum.
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1‘1_AL§ The time mentioned for design and preparation ot

detailed drawings is short, as mentioned above.

,IgQ}Agllwrite{ofzsjnba instead“oflgydrk§>oma;;atb;

. _‘ - ‘:(V:

The "standards specified herein" or "equivalent".

',ihe design‘oriteriaf(maximnm design dispiacements)

should be.given to the Contractor for a correct

dimensioning of‘the.expansion joints.

Supplementary Information for Tenderers

A limited amount of information on the geology of the

site and the geotechnical data on the construction

'materials is included in the tender documents.

Additional more detailed geological and geotechnical
data obtained from the site investigations ana
laboratory tests ehould be made available to tenderers
as supplementary information. Alternatively the

tenderers could be advised that this more detailed

‘data is available for their reference.
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'Also only & very limited amount of méteorologioel.end_
andrologioel dete is included in the tender dooumente;
More deteiledeinformetion could be issued as
supplementary information to tenderere or they oould

‘be edvised that it would be nade available to them onl

request.

5.1 Effect of longer power conduit on turbine reaulation.

One mejor erteot”ot the embankment dam elternetive on
‘the electromeohanical layout is to roughly treble the
'length of penstocks (from 65m to 200 m or more). - ELC
' mede celculetions ‘on-power unit: reguzation pertormenoe
*based on the original short penstock to obte;n the
.required flywheel .effect of the generator rotor. If
‘not yet done, there ehould be a similar investigation
orathe longer penstocks. The longer penstooks could
result in the need for higher generetor inertia to
meintain full stability of the ineulated power eyetem

even on minimum head conditions.

5.2
}t.sfnoe-the*generefor rofor core'festimared mass

“i. approx.90 t) cannot be transported it willkheve to be
fsﬁeékéd on‘the assembly bay. The floor of the assembly

43


http:approx.90
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Jbay should have an .opening to allow the generator

jehaft to be lowered into.

:There ehould be" enough space on- the azaembly bay to
;allow the generator rotor and etator to be allombled

(‘at tha aame tima.

.It ie advisable that below the aseembly bay there

xehould be a room within the reaoh of the power house

oranee for storage of heavy spare parts.

Iype of turbine

ELC and Lahmeyer discarded the propeller turbine
alternative from the beginning without giving it much
consideration. The propeller turbine has some

advantages.compared .tc-the Kaplan turhbina, including:

Simpler design of turbine runner with fixed blades

No rotating servomotor and no oil supply to it through

the shaft for runner blade control.

No: feedback of runner blade position to turbine

governor.

simpiEr tufbine governor without double regulation;

4



5.4

fTherefore easier maintenance for operating staff in a

g --.n!-w.‘l‘ht
HELE PP

fdeVeloping country.w,«
Therefore also cost reduction.

’Tnerefore-theePaneloreoommends»that~aaoomparieon»bei

made betwveen propeller and Kaplan turbine for various

1oads‘and‘heads, as was done between: Kaplan and

Francis turbines. The main disadvantage of the '

propeller turbine, which is giving poor perrormanoe‘on

low load, should not weigh too much with 4 unite
available to meet the total required: ltation output.

The. outcome of this oomparison will in no way
affeot the design ot the power: house, einoe the -
main dimeneions of both turbine typee are equal.

s o
It is worthwhile to mention that the only drawing
ehowing monitoring detaile (even minor onee) ot the
maohine (original ELC Nr. 2143) indioatee a turbine
and- a governor withAsingle~oontro1~on¢3, that means a

propeller turbine.

Aithough of small importance at this stage of the

»projeot, the following items should be brought to

attention:

ys



:jmursiné'gna generetor-beeringe'ee'well as the turbine
_governor oil tank should be provided with oil vapor

fekhauet and (eventuelly) with oil vapor sealing air.

rUpper generator bearings as wvell as governor oil
‘feeder to runner blede eervomotor must- heve electric

ineuletion barriere to prevent the tlow ot ehett

7current.

combined'thruet and guide bearing: lecation of oil to
water heat exchanger outside the bearing housing

should be a permissible alternative.

As an elternative to the epecitied natural oil
circulation also toroed oil oirculetion by eelt

pumping eotion of the thruet ooller should be allowed.

Generator fire protection. coz - exheuet should be

provieed, 8o that efter a disoher@e no gfeeter amount

of gas could tind ite vay down to the turbine pit.
No PMG would. be neceesery for a modern type of turbine

governor. The speed signel to the eleotronic part of

the reguletor would be given by a speed deteotor.

k%A



1Excitation transformers and unit service transtormers;,
fwhich are installed indoors should be of the dry type-

:for safety reasons.

-Cooling of static excitation equipment should be done
with a closed air circulating system and air to water :
heat exchanger in order to avoid accumulation of dirt

on delicate electronic equipmeng

All current transformers for measuring and protection.

%should have 1 A secondary rating.

:&As an alternative to the proposed eleotro-mechanioal
ﬁ§protection relays a modern kind of electronic S
generator and power line protection ~systenm should be

considered.,

| Power station,auxiliary services: two sets’ of
batteries of 220V would be advisable, nolseparatex
isyetem neither 380 V ac nor 220 V dec for the '

switchyard seems necessary.

For the 220 kv switchyard combined volfagg/current
V;transformers would allow a more simple layout and cost

‘reduction._

‘Voltage/current transformers should be provided also

‘on the high voltage side of the generator feeders.

47



6.1

7No voltage transformer would ‘be necessary on the

"busbars.
,Eerthing?switohes*oh 220'kV+£usbers are recommended.

izzb;kvécircuit breakers: since the high shortcircuit

iﬁterrupting capaoity of SF6-breakers is not4needed in

,this case the alternative of small-volume-of—oil-type

breakars with motor loaded spring action would be

~worthwhile to consider, They would giggﬂa minimum, of

problems in a developing country.

‘The oomperison between two elternatives involving two

distinot dem types is e diffioult exercise, as it has

“to take eooount of a number of parameters which are

not strictly comparable. Thus safety concepts are

‘different, the impeot of geological and hydrological

uncertainties are different, the unit costs epply to

different materials and construction methods, the

'interoetiooe; competition is notmﬁimi%gﬁhgorudiffergnt

dam types.

7.4



6.2

fTheee ditticultiee are vaetly aggravated when two
iditferent consulting engineere, ae it is: the case tor

'Baardhere project, have prepared the alternative

deeigne and epecitioatione.

The Panel had‘therefore to endeavor to make a thorough

analysis of the varioue-componente of both

_alternatives aiming at disclosing potential

a.l

,fdifferencee in coet and contingenciee, 80 that a

proper decieion could be taken ae regarde the
implementation of the echeme. Ae it will be shown in
‘the following sections, the embankment alternative and
the RCC alternative are practically equivalent and
both should be called for tender.

In this section we present a check list of merits and
drawbacks of each alternative, without taking the eost
into account as the cost estimates are discussed

separately in section 6.3.

Enbankment Dam

Merits

a.l.l Conventional design : central core rockfill

dan of moderate height

7



a:lgsy COrejmateriﬁl'aVailab;Q'at'short diﬁtgﬂée

a.2

b.1

‘a.1:2 '-Use of a substantial part of rock excavation'

‘16r>fhd:roéktiiiv

407

a.1.4 = Ungated spillway.

' Drawbacks

a.2.1. Large amount of alluvium deposit to be
'excavited for founding the main embaﬂkmqnt‘on~

rock.

2.2,2 High upstream:cofferdam, founded on low

density sand

a.2.3 Sensitivity to overtopping during

construction (and after)
a.2.4 Problems of stability of high cuts.
RCC Danm
Merits
b.1l.1 Limited volume of excavation

b.1l.2 No problems of stability of high cuts



6.3

‘a.2.4.) provided they are made flat enough and
;broperly supported. This has to be taken into account -

'in the quantities, Qa recommended by the Panel.

 Thé.3cc is a new technology (item b.2.1.) but more and
hore'dams are built with it in the world. It is

iﬁteresting to mention thqt most of thesa dams were
successfully built by coﬁffactors who had no previohs‘~

experience.
Cost stimates

Embankment Dam

Further to our comments of section 3.5 we accept the.
cost estimate presented by CIECC although there are
some components of the scheme which are still

uncertain as.far as rock conditions are concerned.

For the sake of comparison we therefore assume that
the cost of the embankment alternative, (in ﬁalues of
early 1988, with 4% escalation dﬁring construction
period, éxcluding electrical plant, powerlines and.
assuming a rate of 80 5.8h per US dollar) shall be
taken at about 196 million dollars.



_}Referring to the oost estimetes prepered by ELc end
Tnteking into account the seme items end finenciel
m[essumptions es for the CIECC estimate, the oost of ‘the
RERCC dem oen be estimated et ebout 208 million dollers.,

,However, es recommended in our note of July 1988

1(Contraot Documents - volume 3 - Teohnioel

Specifioetions, oomments by Pierre Londe) the RCC

‘specifioetions should be reiexed (clauses 13.3, 13.7,

13.10.1, 13.12.2, 13.14.1, 13.16.2) resulting in
significent cost sevinqs._ The unit price of RCC, for
ths dam as designed by TLC (Jow stressds; hecause &€
upstream batter, no requirements on watertightness
because of separate impervious membrane on upstream

face) will be lower than the unit price for

conventional RCC. .

The conclusion on cost estimates is that both

'eiternetives are practically equivalent.

Tender Documents

Calling for both tenders simultaneously is recommended
by the Panel, as the selection of one alternative and

elimination of the other one would be arbitrary.
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.This procedure, which has not been often used in the
fp@st, is obviously desirable in a case like Baardhere

.ﬁhere there are great difficulties for the owner to

evaluate all the parameters listed in section 6.1

above and therefore to make a rellable comparison qf'

‘both alternatives. The actual coqtsiwill be known

}ﬁhéh‘tethrs are opened.

iﬁh§ chhnip§1 Committee of ICbLD‘pn;t§9fxcchnqlogy et
i¢oﬁ§truétibn(*), hﬁs fgcently'recdmmendedvto use the

lpfbéedura of the double tender every time the decision

to discard one of the alternatives is not obvious.
Some large savings can be obtained by contractors who
would evaluate the real costs difterently from the

Engineers.

_Mhmber countries: Australia, Austria, Brazil,
Canada, China, France, Germany (FRG), Great
Britain, Indonesia, Italy, Japan, Korea, USA,
JUSSR; Yugoslavia.

Should the double tendering be used it is recommended

to have common Tender and Contract Conditions, so as

to enable the owner to make a balenced ccaparison cf-

the costs, whereas Technical Specifications can be

‘maintained different, as they are at the moment, even

for items which are similar in both alternatives, such

as reinforced concrete for example. Unifying the

53



Technical Specifications preparad by two distinct

CQnsulting Engineers wauld nat be practical.
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APPENDIX B
" LIST OF DOCUMENTS

FINAL REPORT ;
ATTACHMENTS (I, 1T III)

ANNE& I ‘:’Geologic Report

ANNEx I-l ':}Album of" COre Samples

‘ANNEx 1-27 ‘:»Logs or Boreholes and Pits . |

ANNEX II ':TField Investigations and Tests ror Natural
Building Materials , ‘ .

ANNEX III‘ ¢ Laboratory Tests for Impervious Soils

ANNEX IV ¢ Report of Hydraulic Model Tests

ANNEX V ¢ Cost Estimation |

ANNEX VI : Drawings

VOLUME 1. Tender and Contract Docunents
VOLUME 2. Tender ¥Forms

VOLUME 3. Technical Specifications

VOLUME 4. Contract Drawings (same as Annex VI)

COST ESTIMATES (RCC Dam), December 1988
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